Signaling mechanisms involved in regulating blood-brain barrier (BBB) integrity during central nervous system (CNS) inflammation remain unclear. We show that an imbalance between pro-/anti-inflammatory cytokines/ chemokines alters claudin-5 expression. In vivo, gliotoxin-induced changes in glial populations and an imbalance between pro-/anti-inflammatory cytokine/chemokine expression occurred as BBB integrity was compromised. The balance was restored as BBB integrity was re-established. In vitro, TNF-α, IL-6, and MCP-1 induced paracellular claudin-5 expression loss. TNF-α-and IL-6-effects were mediated through the PI3K pathway and IL-10 attenuated TNF-α's effect. This study shows that pro-/anti-inflammatory modulators play a critical role in BBB integrity during CNS inflammation.
Introduction
The blood-brain barrier (BBB) is a key regulator of central nervous system (CNS) homeostasis, promoting neuronal support and limiting lymphocytes, toxins, blood proteins, and microorganisms from entering the brain and spinal tissue. This highly selective and dynamic barrier is composed of endothelial cells that express tight and adherens junction proteins, astrocytes, microglia, and pericytes (Willis et al., 2008; Abbott et al., 2010) . Although the BBB is central to CNS homeostasis, the factors responsible for maintaining BBB properties remain unclear. A number of studies have shown that astrocytes play an important role in BBB regulation. In vitro, cultured primary brain endothelial cells lose their BBB characteristics (Rubin et al., 1991) . These features are restored when endothelial cells are co-cultured with cells of astroglial origin or when incubated with astroglial membrane fractions or astrocyte/glioma-conditioned medium (Tao-Cheng et al., 1987; Abbott et al., 1992; Hurst and Fritz, 1996; Sobue et al., 1999; Prat et al., 2001) . In vivo, we have previously shown that astrocytes play a critical role in tight junction protein expression and in maintaining BBB integrity (Willis et al., 2004a (Willis et al., ,b, 2013 . Systemic administration of the gliotoxin, 3-chloropropanediol, induced a loss of glial fibrillary acidic protein (GFAP)-immunoreactive astrocytes and CD11b-immunoreactive microglia in the rat inferior colliculus. Vascular endothelial cells lost paracellular expression of tight junction proteins claudin-5, occludin, and zonula occludens-1 (ZO-1), but not adherens junction markers VE-cadherin nor β-catenin (Willis et al., 2004b (Willis et al., , 2013 . These morphological changes culminated in the loss of BBB integrity to 4-70 kDa dextran tracers (Willis et al., 2004b) . As the pathology progressed, a gliosis developed in which GFAP-immunoreactive astrocytes and CD11b-immunoreactive microglia repopulated the lesion, and tight junction proteins returned to paracellular domains with restoration of BBB integrity to dextran tracers. Results from this study suggest a restorative role primarily for astrocytes at the BBB (Willis et al., 2004b) . However, the mechanism of signal transduction between glial cells and endothelial cells was not studied.
Astrocytes perform a wide range of functions, including neuronal metabolic support, regulation of the extracellular space ion concentration, neurotransmitter uptake and release, modulation of synaptic transmission, vasomodulation, and repair of the CNS scarring process (Abbott et al., 2006) . The myeloid-derived microglia are the resident monocytes of the CNS. Hypertrophy and proliferation of microglial cells are morphological features of the CNS innate immune response to stimuli such as inflammation and endotoxins during neurodegenerative disease (McMahon et al., 2005; Inoue, 2006) . Under inflammatory conditions, both activated astrocytes and hypertropic microglia secrete Journal of Neuroimmunology 284 (2015) 57-66 
